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Thia Invention relates to a mct-hod and apvsratua to.r 
hantti^q e],£>nc;9.ceii space or a lovatloa con tvi/.tiin<a an Gl<jngat€nJ 
hfiutor. HoL-a vsrticuiaL-ly, rhe invention relates t(> iti'i « l.ftc;T.):J,ca^ 

nt r<itO£i which are different at. different depthfj at the l^ori^UoXft, 

:[t i.ft Jcnotfti to l><^ behoiioiail to usi^ ciLotigat<id haaiters 
Duch 3S well heaters, for heating tntexva\Et c*t Fjubterroof^ftJi fiftrth 
io.tmnUl.ornJ^ Pipo Intoriorsr or oth^i elon^atad Bpanes. la various 
jTituationUf it is desirable to heat suiih epsaee at. relat^ivtlv Uicjh 
10 tLfi[npe ir^tturft& ror r^LativelV iOA^r tJtKie«. Buneflcial r&aulto 
ohtalnod by euch heatlncj may Include pyrol.liiog oil sUf^le 
f ormattonB, &Q>;:tpqf oil to consolidate unconsclidfttcd ro»«rvotJf 
tormations. ddKlng oil to form electricaLly cofiductive oarbonizet^ 
zones {jsjpahle of opetatXny RB ftl^ctrodcR witJiin ti rcuctvoCr 
^orItl^^tionr thermally dlarlaclng hydrocarbons derived from oils or 
tsr& iuto pii:od\if;ttou Lciciftnloas, t^rftvontin^ fotR^itloti ol hvc1rat<HJ. 
prf^o J.E'itatts* ot tht like in fluids which aro being proauuecl from 
w<fllB and/or traivsuJ.tted thmugli pipeftr or: thft UKe . 

The invrthtiOA &li?.3 to provide a heatlnq c-.pparatua vhich 
20 ifi CJftpeible of generating heat Ht dlfierent rates nt diffeceut 
tiepT.UP in a well. 

In accorclance with the Invention there ta provided ^n ^ 
procasa iu whioh sobterran^ An earth f ormcjitionrj within Tin intbrvnl 
(iioro ttinn 100 fost long ar& heated to a tenperature of wore than 
60d^c. , 30 that heat ia injected frub«tantlftliy unltornily into th^t 
Interval^ an iirij>r4ivofli&nt for constructing and installing a beater 
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having €ia als^ctrtcal cable hoating section which ta free of 
KpHces, i^oiipti<;i]3g; conrfti-ucrtinir s;aid hooting cablo /lection by 
compre ssivfi ly avacjiiKj at Least, ane i>ort..lon Qf a ^uaotion-.tre^ 
elec:trlc?oi beattag caJbla to raduco ita siiitj at said dt linint orj6 
p-ortioTir saiiil coble la at l.eaBt a? lon«j aa t.U« ftarth JiorTii&t j.oii 
.i.uterval to lie lie&cod and comprift«F; an axiiilly *ilJiiyjGd, idalleaftio, 
eleotrically conductive core cyrronndec) hy granylac isitierflLl 
in:;olntion within a mstal ahoath. 30 that avci^recl portion 9r<in©L-ates 
heat at a rate hiqrher than the unavaged portiouj correlatlncj th« 

10 iociition OT Siild SViiOin^ with thd pattern of heat conduCtivttY In 
the earth forinatton interval so tl;at (xX IftAFt ox\^. coYnpr<^8ftiVflly 
«\?&3fid portion ot tho cfiiola 1« located aloas^ tha caiMo in & 
9DBltion auch that, rrhen the cable iR extended aLotiq the eavtb. 
SoriTiatlon int?5rvftl to be h^ifiitort, th& cofnpr/jssivoly *;w?t4Q4 gorttoa 
is adjacent to a portion of rha earth foraatian interval In which 
Ch* ft*nduc!tivt ty in roi^ittvolv hlghf connoctin? ofiid 

i5QlortivQ].y swagod heating cable aectlon to at ieaet one power 
supply cable artd spooling tlie intf^rconn^c t«d cables; and 
unf;pooling thd interconnected cablaa into a vellbore along vith a 

2D we:<jht"£apportin<j imfttal oondult while f^e rJ,odica3 iy attaching thft 
c;a)>IeA to ^hc condulfc and oxtanding the cahlea and conduit to a 
depth at which the cou.pre aifive ly awaged portigng uf the cable are 
positioned ad^lacent to tua earth rormation--) haviag a relatively 
hl53h thermal conductivity. 

The iuveatlon will ti«^m h€ #xplalneci In movn retail w3 
rJiferonce to the accompanying drawinqe, in '.fhichi 
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riEnira \ is 3. thL-Qe-diTTieiiBiojicii 1 iiuntxatioi^ Of an 

portions aAjitaibla foi uae in the praosnx icivttntlon. 

olcictrlCJil zasistanca heater vithirj the well Ui iCc^tJrdMCtcro with 
the pceaent ttweiittou. 
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FiQixre 3 3bj=wo a i5v>iioc bcttM*ee3\ a cT»atal-ahsatiic<i iti4juj.at>?cl 
p<7>.ui' iJUfply ^.%ble ^md a JnBt^lL-i5^/;at^ed insLilatEd cablti &ulta±>.1e A3 
a he^itiiu? element r>s tyis prasGnt inventJ.ciiu 

Figures 4 & illustrjitQ splloos ior f^lsr.trixxilly intBr- 
5 (OToactir;? the crrx^tive corea of a t^iiir of netaL-f^acthEd minarcil- 
i,nB>jlated he&tlng cabl^^ suitablti as being cab).es w the pueaent 
Inviwitico* 

figure 6 ^hoKa ^ cilcctrj<,^l pcwer sii{:9].y ciroalL 30l^^^• £ccr 
uSG in tine presEanrt irmititlm. 
(jO TSvi preEent invention Ui fit .l-ea^th in part premiiJcd oo a 

diijoovcri' that the prop?n;tios of an el.e!r:tricaL aDndix;tDr (sixtt as a 
iretai-ahoathsd ^olid ratHriAl-inauLatBd electrically cLsrductive 
cabis ccfltalnio^? a single copper core) are soi^ that resiiits o£ an 
plication of oocipressivf; swraqing to ths c/itsidbc of the n^tal 
1'5 siieath are tranandttod thrcagh the influiation to tho core of: l.l^ 
cebla .in a manner such th<it Oftcih of? thef^a ocnpaneffits ard 
sTjfc6t3atially sijtTjltaj)fiajLSly r©<Stice;l in cirrasft-aeL-tiun^xiL cirea by tVie 
s^ere TOlative gmojnta* The reducticns Ln Wrv} cable cca-e croai?- 
flGcttorwl area can be cDntroiled to cause the swaged portim of th£i 
20 oablD to generace a aiqnificantly higher eircji^t ode ^l^at per unit 

tin« thaii that which would have bean gfirasrate^ wlt-to^t Uie Bwaginxj^ 
QVtaoi at a subs tan fcj.aliv leaver tsmperatiira, 

Xn a proforr^ eatx>d;lPTenft of tbR invention, succh a s?wagiTxj ie 
da>a fay a prcoa^s oE rotaty swaging, amacintijig tt) c?a^prcssii'ig the 
2^ cabl€i with ma«i' b3jc«^ applieid bi' rcrtatir^ dies. Fotatlng swaging 
dB'/ic^aa and tfichnlqi;xis &n3 ki«?^fll and ccnTO?rTcdaLly drt'siiables. Biich 
TTQchinaa occtfronly oorytaJ.n two die? vViich reci.pcrncatfi rapidly ac a 
spdnile ii^ whicJi thsiy £iru mcxintsd is rotaUed, ^ cceripresaive roteiry 
swaging Cforaticci Irtvnlvea a harrKiaring Miction whicln haa trhi? sajca 
30 b£uiQiiiclal raaberial net«l as fcQ:^ing. it proaucca a desirab.le 
grain structure) r^sultirq in an increaaEd tenaila atrcilgth 
si^Bticity. Thd ooltl (in tcnperature) ^saqim bands to work harden 
n^at itetallic materri&ls. If deali^, suc^ a h^irdening (\nn iP&tki 
metre fleacible by oiuisaliniy. 
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In a rotor/ awaciii'jqr opera tica/ the extent ho wtucJi the swacfsd 
mtjerA-^l ia r^duccJ tn. crcfif>-se:rtLciyjil area can l?e cantroileci very 

insulat«d coppsr-cioreci tilCCtricaJ.ly^onnauL-tiVC edible he):?^'e8 as 
*3 ^jdid ifAtcrilaX during a rotary iArag."lng q^raticn, auch a cab.le 
havii^j a dlsmoter o€ trnoi ahjut 0.69 to 1.25 an can ba ijxieiged to a 
reduoei dimidtor witll accurtiuy of etait plus or tniTma 0.002S era. 

t'lgure 1 illuatr^ltes SWoKjed and unswarrcd portaona of a' cable 
p^referredl fer ubb in the prt5S£3;t in*/entlnn. in tl\e oablij n\xr>fiir a 

10 Btainlosa steel aheath 2 surrouAc^g a ira-reral insalcition 3 

Dcmsistitig of highly rjccnpfasstsd grains of ms^neaitw^ oixide cind a 
Fjoliel cta^ductlve ccn^ 4 of subctmitially pars ocpp&r ia 
cancarytrj.oaLLy .gtirroundfea fay tht: insul5iftoii and abeath. In a csblfi 
of the type ahawn, where t^le inner and oator dd-sarobera of the 

1*> Bheath 2 ^irsa 7,2S aiid 9 urn and thti diaitotdr of tl'.© casTfe ia 3 nrt, 
iu the uuievraged portion^ the cab.lja may ^^isratti a tcii^^rature of 
abait 600 "C 'xhen ooiiducttrKj L80 fiTTpsTcias of altGtmtS.r*i< cuxrenr, 
HofpcewTf iiv a flwagBcl partial of. tlie cfihJLe having a dlsmtpjr reduced 
by a beoperature of about 1350 *C is ger^ratsd wheel tho cable 

20 \b oacidLCLlrjg the ssrtw crjri-ent in tho saiwi environment* 

In a t>roiIerj:ed eahodijrent, ths prescxAt Invent.'^oa can be 
utilized fbtr providing a formation- tailoira:^ irethcd and a^ppar^ituii 
for unifonftly hiaating long incexvala of aubterranaan earth 
rormaf'.iona at high tcitpcorature . i^jccnrding to this nethcd 

25 si:i>texrar:!eari interv*t3-a ara heated with an electric bcatjor 

ooritaluLng at .l^iSHt ana sp^labla stoeL-sh^w-.thsi mi naraL- insulated 
^rahl^ halting a 9o:Ud oantral Dore of high olcctt-lcal conductivity, 
3uch ii unbl^a can be cirranyei to hecjt tha earth fcCTTacicne so thr^t 
haat i*s transtnltted into the formtiona at a substantially unifooi^ 

30 rata, evert ubeft the hcatiiig inuolvaa nor a than aboi:it. 330 watte per 
cnatjxa at tesi^^CjratorQS bctwe*?«i about 60D Rixi LOGO ^C. Tt^e unl^onidty 
of tlie hent trim^ih'Olon is ensored by pro^dding the heater wi.fch a 
pattern of electriua]. roflistances with dspth vithin tl\e well 
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oon-^iitet^ vith tlie pattenai of heat uandiictiv.tty wX^:^ «^th witUiti 

FigirrH 2 ahotsnj .5 prdfanred en-lxv-UTnent of a s^sil heai^^r of the 
present liv/eiTtion baimj insbStUed within a wall. Aar liJv^fll, a pair 
of seloctiveLy sw.-uji^ hiif^tcr oab-Xea v\th Bwngad fiff^ unt:i\-/iac;ecl 
porticos ot ttoa t^'ps i5>icwn J.fi Figure X are b^irxr uns^Ied inoo a 
*oli frctn spcoling meana 5 and 6 while a support renibar 7, SUxA 
a wir^ lino cot: amiable metal Doodult/ is ooriCUJ-neivtly unspsolod 
Into the xell fran R gpcK?;..tn;r ireana (ju>t iihcwn) . Ilfxe end of 

ID tJbe aop^ort Jisftans 7 is aut--:^^^©^ to a motor jrosjw 9* ^\vfr\ aa a 

f?inloer bar foi' a vertical well or a gmipcbld or oi^tex Jtocor iraana 
ffer ^ subfjtanaoj.ly bcrizaiital ^xeXX* The Ic^^ir ends oi tbe heat.ing 
C^le, ^3^'aJC3ea portiOTa lb/ are iiecbsnicatly attaciieta Vo A CfibUi 
junctlco or en(5-c£:nn«ctor 9 in vhich the cari^^tive QDree arc 
15 Electrically lntercx?nre;:te(3 (as shjCMn in trore detail in i'igure 4) . 
•rba juTjOtion 9 i3 aXao ins^iiarsically ocmnBCtOCl to the support ntH^tei- 
7, 63r ^JCfmjpLo by a strapiJ-iiv? m^na 12. The lo-wnir m<\s of bhe C5rt>ie 
pGtrticxia, Vihlch ar« ivage/l for increaaed heatirxy, arc alcotric«Xly 
int-^rcocsx»c:t^H in t^A erx^ pomxector ? and positioned to OKtcivd 
?0 thrcugh tha zniie ecjlei^tad J!or rcooiviiTj the in=area9?id tearting, 

Tlja UL^ffWHged porticns la of the beafctr^ cai>les, deaigred fior 
min.-unaX heati.ng along th> Kono to be heaced, aris poBitiomad to 
e:<tcndi abov^? the gw3«Ted j»rtiona lb for a distanr^ sufficient to 
r&ftch a zono ^ich la cool eryoagti fou oin intcrocor^'t^on of tl^a 
^■li neatirL9 cabJ^ pocbifx^R la wj.t±i powar siiyply catbles iO by Tneana of 
joints or splices IX tcnr electrically arxi inadlcaiically inter- 
■ connecting ths fcw&r supply iivf cuvi beating cahltia. Iho pcwer supply 
cables 10 ote mrroin^eci for CRrryivjg a fjelached iinCTuJit oi ourrcait 
vhlle generating only a xdinliral araount of heat, Tba details of 
" 30 suitable irochanical ar^d electricval cable coiyxectl-ng joints for tibS 
vifcti iT«tal-3heathad minanral-inaaLnttid py^r supplying cables are 
illu£;t2:abf>d \r\ Figure 3, 

A3 the be^tiJTg' and pcwer supply oobi^is 1 ajid 10 are run "into 
thxj wall, alCTjg v;lth tJie vetght.-supporting strand the cflfcU-ea are 



http://patentsl.ic.gc.ca/fcgi-bin/any2html 



11/7/2001 



01253555dis.afp Page 7 



Page 2 of 3 



- 6 - 

i:-2ri*Ddit;aily attac^-sd to tha atr.nnd 7 b^' uioana of or 
<?truppLTc^ a(2£s:fis 12. ii'jch claiiipa i\XCi arranged for crentiuy 
frlcr.ion betv-^co the. c^blsa and sitrat^ which is suffiLiiorit to 
-opp^rt the weignt of ti^ve lengths ot tha ORblc? wHir^ ^i^ne Icxiatcd 

Figure 3 Llluatoitea (3c5tAi.l3 ot preferL^odl &rraP9fWieT^tH of 
splices 11. R3 BhcwDr the: power 8xipp.Xy cahid 10 haft a maUl aV^ath 
L4, 9i.icl\ as ccpper ehsatJl, surrouruXliiqr ^ ineulat^ olecfcrj.cally 
ccnfSuctivtt c^^rc 13 (navi-r^g a ocxTbirvxtion ot crc^iB-EieDtiarw)! ArcEi and 
11^ electrical resistajxe psr iinlt oi' length cvSaptirg it to carry 

cnirrent bo bc uced -in the hsatirg cpsrat.lon wlille: gnneratin/? cnly 
an inBigrj-ificiait araounc of beat. A» iihown, the pcw^ cable stWAth 
14 as vail as A pcwer c^l^le core 13 euro larger Chan tha ato^th 2 
and core ^ of the un^xwigoc^ portto of lisatijig cablo la. 
'x5 o--^;hictivc cores of ti« csible are cleotTicalJy intarcmnecbedp 
prefer^ibiy by W2](3J.rjcr* .In general, tlCA pcwer c:able can a:<f¥>ri£>e 
^^Btantially ani' of electricLnlly oanductive cable which i3 
adequtrtsly hcat 3tc*b]je at the teiq^erature generated by tha minutium 
heating p^rticm ofi a be^.tlng cabLs soch oa Irt, Wlicre t-iie Tiexiinani 
'^0 selected heErtii>g l-.ent:^Aturo is suff icxeiitly ioi^ eoid/oor tliP- 
dlstcdvCE bal^wacn the ?c*^r siipply and zcne to t>oat©cS 
ado^fcely sbc(rt, tha powefr supply cable c^.n f:cnprl94j a irotal- 
•sJieathed Trdr^rAl-inifa'iatQcl 4iDll<^-cofroc5 c^le wtjix:h id saljsotjvely 
fT^^ajea to prcn/icte tlj^i ^^slccted beatia^jg temperat^jre 9u that no 
J'S i3pllce3 sijch a-a Bplicaa 11 aro nccxied. 

AO sbCfisTt in ricjDra If a ralcitivoly cboot^ !^.'l«*e!ve IS, au:ii as 'a 
steel sh.^^/ .15 f.'ttted around and waickd or brR^ed, or otherwif?© 
jtiSi^dianicali-y ^ittacbdi, to the aheatli 14 o£ the power cable 10. Tbo 
glea^'a 15 U prcfcrabiy selected to tj^vo txi inner di.aireter fDi;miny 
3^3 on annuliir 'ipaoo bcstwoen .tt an:S absath 2 largia txncugh to 

ricocsnrcdatE a bhjcnrter stoel sl^eeve 16 f itt&d Eirmnd the sheath of 
r;l'A c^e la. In a pi-Gliirrea as;^rf:^l.iJTg pnaaadure, before in.'^ejrfiivgr 
th.o stjr>r:t .-sleeve 16, ^jbetar/tii^lly alJ. of the sinnular ^a.o^ bet;>-een 
die caJjle core uiKifcera 4 and 13 surxi Glcev« 1.5 a a filled with a 
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txTvxiaTHfl mineral insuLd.LAncj cnatRriai £(.ich as rwgneaium cxide. The 
in?.uXe.tj,ng matarifll i& preCftrably dcpoaitcJ V/ltTiXri both l:ha armuinr 
■.•{;«.ce l>^ai©an tJife cviblo cores* and the sleeve 15 its 'xe-Vl- the 
:^aoe betweei^ the slHtMi 15 and the Rh^th 2 of thti oable :Va, and 
ft vibrsrtcd to ^X'lrpact the mnas of par tide? ► 31esv© 16 oeax tilers i:e 
drl^rcn Lnix? tt"^ E^F^t^a bet^ieon the siewe 55 and ateath 2 so thsr. 
the cnoss o£ tnl]iera.V ineulating ptt^iclea is? CDsnpactai by the 
Keying fores. Slcxjvei; L5 and Ifi andt ab&citb 2 are then welded or 
:crca^ togeti^. 

10 ficiure A illutfetratCS details ocf an end 0OJ2n0C!l;Or or splxDe 9. 

5b05«), cables lb arts cxtorded thmiit^h hnied ia a steel blndc 9 
so tiwL 3ixxrt flectLcnb Ic cxteaid li;to * cy lijidrlcal openin9 in tJia 
ceintral portion of tl>a block. TI^jc o.lect.ricalAy c^diictive oqre-'j of 
thiQ cables w x<*-^i<led together at we.lcl 17 aiud the cab.Le shoaths aiti 
l|3 'A-^Idod to block 9 at welda IB- P.ruicr^ly* the cei^tral oonctuctnrs 
□f tha cables ar^ ggrrcvTTjded by a heat etfflilc olectricai iuB'Jlatiott 
SDch 3B zi niiiss oi? conq^acf^ecl pcwderiSKi mineral pertlcleg anrl/ar by 
disc? ceraiwc loatsriaU (not shown) / after whicA the Cfiu:5trai 
open4y\g is sealed^ for exomplflr by weldlTig-cn pieraa of ateol (not 
20 5^^)* where the heater l<i su$:^x)rfcea^ as fjirown in Pj.gure 2, by 
attarbing it to an elongated cylindrical strvctural member 7, a 
groovo 19 is poreterably tarnsjS along zjii <sxtcrior porticn of end 
Eplios 5 to mate with ch^j atxuctnrol meaub^or an<l racilicata tba 
attaching of the (?nd pi*^ bo that member^ for 3X90*0 }.©/ b^' a 
2^ strapping rttizuis 12- 

J^igure 5 shows a prcfoorrcd type of end connector which 
Cltmiiiatea t>je nee^ for fitting and s^^ding a hea-L^ d-ihlB to ^om 
a f^iv of hentar cabl^, 5UCh as a^le* 1.6* I'he bedter cahl^ is 
sirrpiy boi^t inm ii a-tum and [fiecbanics&.iLy cia^d to block 20 }iy a 
30 Icoibed-oai cl-OTipirig pista 21. Th© blocJc 20 is preferably pro'/idcd 
with gra->v«? 21 to facilitate WjO cluing of it to a cylindricnl 
str^ictural ni£ft*>e7: so.-Th the cylindrical onenibar 7 sbCT<n in 
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in cjcncraL, rtvs po^-^r su^iplying e]-<2fneat:B cm cccnpriee 
3>jbRtcintlally aviy rd; or ix: syi>tWi ct^ps^le of c^iuaiiig ^ baator of 
t-ha client tyf« ro h&at at th£j &£lL*ct:ed r^.'l a Lively high L'ato. S'Jrh 
a beatirjg r<atx> c€in be a^ut 33n w^ts Ttiatre or luorft, 
5 Fic?ure S i& a diagram of a prafsL'rod irran^eemaxfc at 

alternating crum»it olectrtoal p:»^'ai.- Qupplyir^g cLarnentB witabl^ 
ftrr the praaent typo of heater, 'fhia iirraiicjeutwrit Inclotes ^/o 
in'/crse, pasralLel, ailicjon-cmtrollec) nftntifiera <9CRs> in tiis 
circuits, of. l;o(;h eleroentg of a two-^ernesit: h^fiher, in sucti a 

that tha cvrJ:iL& coce jvrctioTp point A, C^^iiUin erd ooruiectDr 9) osn 
r^in at 2om volta^re or virtual ijroand pcbcntxi.al, shRaths olT 
the haater aabicj& arti ooonnected to thta grountkxl OOTitre t^sp of the 
tr3orv5£ojcn^ <^rjcr:ndary. Sines paint A TrepreoantB tbo wsldxid 

13 ccntioctico wUhiD the ^ piciDG ^, the pocential difference between 
tho ocnnoctlon and the hcjeing will seoro Cor all poriictical 
purposes. Thsss polrifcg t\->jld be in electrical ccnUct vitJiDut asiy 
ccndjQcttan of curvent* At points aidvanclng upward aLcci? th^ leg© 
thB JiBater, the pot€^ntJ.al differ exx^ batwtSim tbo sheaths and the 
20 c^ntTtil. conductor osa ijxorease ant3 finally reach Cfka«iauni3 50^^ fia 
plaa or miiiufc 2^0 V, 

In various eituitLaii& in whidh an elongated spooa i a to be 
heated, titve in aitu tttermal ooondlucttcn vary ^i^i.ficeifitiy 
viejin v^irioua layers or looatjUcms alajar that apace. A ii)ora hoat 
oon^>d:iy^. layer will carry ofi th/s hoat gererafcei a heater 
i^ster iihan a less oDnductU'e loyor. Au a rc:sult^ tiie tesrparatiirs 
xdaintained an slfictrical rciaiatanuci )iQ&ter oar?ryi.]c\g a qiv^en 
•arftcmt of current will V;€ ]jower oppagite u cTcra con(5uiCti'/e layer » 
In ai tuitions in which it is desired to nHiiitaLo a tl^t or imifonn 

30 heating rate ^iloJlg the Sfvace hcj.rg heated, it ia daair^iblo to 
reduce tbe hsEjter oora cross-s^tcticoRl aroa in arcler to gscricr&te 
Asafc at the aane rate as thitt In oUicr porticos of the heater whJch 
are liotter. 
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.=tn ciocU'ica-T. rRBistojico hf?a ter be cauetid to 9:^)0 rate 
selectee h^atir/^f raf^fl at diff^msnt Lccati.nna alo:ig thii heater Jry 
iri^itallirKj tia&ter sectiona oantiiinLlVj* ccavauctcra a£ varying cros?^ 
ae-jticois. '.'i^e iwuaU^^ ocxre or oodviuctor crCfiSJ-sectinnB av:hibic nora 
5 rcsi5tar^ to thiu ciootrxcal current fla^ aiid thua ganartite J^jeau st 
a rate higher than \ic\x\d be oencratefl b/ a thickor oor? At tiis siora 
ten^ature. y^r exanple, it oaa^ i^eat at a s<2>iGcrt«<l rats at lo^cr 
ten^r^ature existinc; alcng a relatively mjrs hent caiduct.TVie layer 

VO Tha present inventiutn otavi^^s a ipathoiJ of causing a haater 

havirg m Qlectrically cDn:*uctlve ooocs v«*tictj ia o-^atinuous Bxvi 
lonitary to getiorate ccnetant and/or SOiLectecl ^aicnnta of heat aixsit^ 
one Qi: a inuLtlplicj.ty of dif ferertrt partXon?J of the htiat^r wittOUt 
re^qu^^fing a nuLtitudc of heatii^ cable aE?iices. rarticui or ly whore 

15 tho heatlrv^ is to ba cxsnicJacted at relatively hi<jh tcnv^ralmnneB fco:- 
loyig tiTiTSiS/ -i^-eldLrtg pr^eius and agyort^iti&B iSor ioakage anj 
inherent ."In w^y aittiTig and &jJ.iclng of electrical hts&tin? cablps, 

Irj raspect to B)\ elBchricaL rosl stance Ineater ccfrptrising a 
pair of eLe:±rically iutt^rcocmiictad inataL-sheat^Jed solid laitcrl^l- 

20 inaulatect uafalcs eacti cxmtaining a uiali^Able oretal. ele^ctrically- 

C0Tiducti\"a oors, fbisr eets of rntary 5<^itchlrj? dies cai^ ba arr^m^ 
for yx'O'/idlny ^xarcentagea of cliafretxical roductictis of 6/ 1^1 IB 
and 24 in the inlbtal overall diameter of aach osble and its 
ccndur;tiv« uoTQ, "Ey reducliXT one portiDo of the- cable clianieter by 
6% ^ anotURT by IZ^, the overall reduction is 1^ such 
proce^aiire?, tl^ cveralX oruaa-sectlcoal re^ucticna for both J.egs of 
the halter can te pnovidsid in oight srepf* of raiijhiy iOS cacd^, [?or 
oxai^pler see tJhe fullowing tiibi^i: 
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supply Is to te ujwicl, it i& nt%:>2£sary that $??ch isg of ^Ji^a hoater 
after re-iuctloma in its core di^Mnsterr to/e ejt overall reBiataruso 
equalling that of t^X^ ot)^c leg after re^tions in .its ccars 
S diairiHtettr. this Is nocessary to enBure thQ sero ^/oltacja potential of 
fiia inter cKinncxAodl CQlvSwcxora in the er/i pix2CC. 1^3, it is 
ii^ae^r/ to divicfe ttjc cver&ll e«tenta of elRcrtrical care 
ra!3uctiOT3 evenly crt-^ l^jOth IJltigtUs of this hsater, 

Suhstantiall'/ any K:ciif?f3S:ilve swaqit^ ptocedura which is or J.3 

10 fjubstantlaliy equivalent to totDty sw&<^fing can E5aitatolY n'^'ed in 
pjrarrtisirig tJ'ie present inyention^ -Scait^ies of svaq"ir»g Trachineis 
9iid/ar tei:hi^lqijes which -ran cuitsbly to used ace inclLLRit'^ ditj 
clnsinj arwijgiJig mdJichir^ / sucb as thns^ ff:^factu.ire*i 'oy Tha 
'rorrir>gtqa CU:npany, or Pihbey /tetna //fechins Cb<q33Ay OT rcroi 

t5 >^?ni3factiirir^, etc. 

Plt^ aii^ly Ciibieta oapebLe of tra:ci emit ting th& aiMOUut; of 
current ^lect^ tn te upGd whii(> gerwrfltiiijg only a rQi&tiwly 
insignificant ^sTrount of haat and havin^/ sufficient therrtfcfll 
^ability fc^ electrical ctrd r£4x3i£*nicel ctt i:ac*mie*nt to tlui rnortaL 



http://patents Lic-gc.ca/fcgi-bin/any2html 



1 1/7/2001 



Oi:53555dis.afp Page 12 



- 11 - 

i^heaiiliftd cable soitx^ted for cygneratang a tninlflT^ft arxcwit of heat can 
suit^ibly bi'-. uBed in tKls lovent-tcm , EicanpiQS of 900t\ cai>i/eR .irclutia 
those ava.i.labJje as Emcc/Pyrotenac :4I rabies. 

Iti grjoenc-^lr in a fiituution In which an electrical cx:^duntor 

3i±jBi:aJiti^Uy ani' eXft^trical ccscxSuctor vAxich ir oontinuxXJS and 
anitary is a confe\T>noaa fccdy frco of iateorccnnected ' iS6giC0I\t3 

:5eobiooal area of t}iO olectxically coodusctivo ffatariaO,) N'hich iss 
10 dlffcyrent in differ^ait Iccat^ooe along the length of e.lautricrea 
oondtuctor. Vr^erred eloctrioal conductors ccr:ac^LsQ siwjl^i 
ccixtetive corefl of maiie^Jbie metalg ox allrr/a surrounded by a hsat 
5tahlo £Oli<5 jiv^ulated iraterial wiUvLn a beat atabls i)f£*tAl £d\eath 
Euch aa rciroctory pcw^ar or solid fibre insuilating matariids 
1>5 w.ichiu copper or stcol sJieaUta* A aop?:«r core sumxinded by 

^.<6e.Tced uiagn?aiuw cxtdo within a ccppsr aheath 2or us?? at moearata 
temp^ratyjrea, or A fitAinles? Steel ghaath tbr use lit ixlgh 
teifpa'aturea^ ia psiticaL&riy jxreCerred, 

In gensral, thei pi.-^Bent invejition can utilxsiod to J.nitiaba 
?0 L^ni ittxiLitaJn a subfltantially unifcmn rate ot li^atlrg alxxig a space 
contaitiitxj At leastt one portion havinrj a relatively L^w rata q£ 
lie^t oonductivib/ and/oiT to eatshlich said m?iint?.^n a nelatlyely 
hi^ rata of Iv^atiti? Q-long Bslected pcrtioc^ alOT/? a spQCja 
. thrco^hoat tjbich the rate oef heat ccnductivity Is nearly uruform- 
?.5 tt>a vdrist'icGs in hssrt ccwluctivity with diatEzix^i ^il£og «n 

akxga.tod path can be detaKrd.rto;5 by v{ew\B gf roonjercyjs kn:?.*.!! Rjid 
:iva liable device a arjd technic^s. 

m 6k prtrticnpl^ly prafuTTftd procedure for utilizir^ th<; 
pra&ant invwtlon €or heating aljcn9 a path a^XoviOi vtf^ix^h the heAt 
30 ccnductivlty is ooavuniform, a Belectioii is rnads of the rata of 
heating bo be pixvided when an electrical ccinciuctor haviriq tha 
ccmpceition to bs us«d i? ccrrfucting the ancurA of cyrreot to ba 
usei within ci honsogGinDCUS Lnediucn liacviix? thB icpwsiit heat 
oiodiictivity to bs BnOOuntCKCd aJcnqr t'-he path to be heat«d. The 
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n>axlvtCL«xi thicknea:^ for fne alentrioai cXMldoctor to i-tsod is then 
the tb.\c!<ne3a which provldsa th?it r&ta of h^aciv^ in tii&t 
situatica, 'Lhe thlckjici;s of pcrtions of the oonductnr to Lb 
FOaitioned along portions oJ: tlv; p^Lth whld\ havfc Ivic/ter heat 
iTGndocfcivitles are then /rade tlUnrusr to an iixtont suJs«t<int\ally 
ccrT^:enBating ftjr cha irors r^ipid canil'ncting-^w^y of the I'^at by 
those Aighar h3Rt ooindurTtivititss. 

;\.XterT^ti7«Iy, where it is ^&ir$ble to generate heat at 
reJativeiy rapid rates along porbiorLS of^ a ^»th to bs heatfid (for 

■10 exanpie, along tcp and hotton ptirtions of a Biibterrancitn o&rth 
fcmnatiitn) ouch an €jnr^y^JveT\t can ba n^ada, a.Vcba.jgh ttjs h«iut 
ca^ctLvity nzti' bei sxtotantially uniform all aluw^ the path to ]>3 - 
heated. 'Ct^ condiictor thichiessj au.i rcisiatarice to be used flloncf 
nmt of tJ\e cab.le conductor arc select©^ to prcvic3c tJne ^el^tecS 

15 rata of hinting along a hc-iKi^rieoas lira tecrial having the ]uiat 

ccwSuctLvity 0(311100 to iiC5t of tbo itvtvarval to be hearted. Tben^ f-l'^ 
[fore rapid hsativjg rat^ alcog 3G:£i:±ed portUn^? of the path can be 
obtained by t^iinninjcf the portionfl of ths conductor to be extfi^r^flod 
alo:ig th^ae portLcrifc ofl ths E>dtb» 
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THi; 00:01 an TK OF THE I^3VEHTI0^J lU WHICH AN EXCLUSIV3 
PitOPSRTY OK PRIVILEGE 13 ClAIWRR /.HE DRPIHaD AS L'DLX.OWSt 

]. . In a l^l-ocaas In vhlch aubtarrMieaii ear^h f cirxnatXouB 

ulthtn an Interval inore tU^lU J,O0 f.^Ql lom hOfit;t><^. tt^ A 

r.«;npAr&tyi:e ot tfiore tDiAtv 600^C. , ao that h^at is injactod 
eubatanciail.y flojrrf.ly into that itit^ti/aL, an iitiprovamsnt fox 
constructins ixna installing a Ijaatai" hsvincj an alectrlcal cable 
heating section \thioh ia ^ree of B^l'ictu, oomvriftlng 1 confstr uctiag 
s^li6 ])^)&t.J.ri^ (^aJals i^ectioii by comprosa ively swacjing ar Iftaat on« 
portion of a juooxlou-tre e el^ctclcal hea^tint/ o«jbl4 to rc4ycfa its 
At 84jid At loast ons portion, said cable la dt least ae long 
as the earth fo.rmation livt^rval t;o bft ba^t^d and fjompr flf tit» 
ax.^ii1\V a\J.?ned, niftlieaUis, ol8ctri<?Silly (Conductive couii 
surr&undod by granuLar ^Xx^-e^cai i.neulacls)n within a txetal sn<:dttt, 
BO the^t &wage<l portion g^Ofsriitci boat at a lato hi9her thT\n the 
urti^aged portion; correlating thfi laoanlon ot said awaging vith 
the patr.<*ru of heat conJ^UCtivity in tlia aaLrth forj^i^ition interval 
BO that at Loadt ens coTnv>r9S3LVoly swayed portion of the ccibl€ i?. 
IncaLfid alo]\cj the cabl« iu a po8ii:ion fsuch thdt, \vhf*n thr> i^Ablc in 
r*:!ttendftU alorig Ct\fl <9arth forTnat-ion internal to he heatacl, the 
coiaproHsd valy 3vsqed portsion ta adjaeeut to a portion of tliO e&rth 
£ocoiar-l.c>]\ lutcrval in which tha heat .conductivity la relatively 
high) connoctingr aaid selectively ??w^igert heettlu? c&bLe ftcction to 

X-SftBt cne pover supply cahia and d^JooLlnrr the interconnaoted 
C5bles^ aad ynapoolintj the iut.arooouscjtetl SCntO fj weliboro 

aloncj with n weigrht- supporting Hiatal conduit vhil<i periodical Iv 



iiit4cMo<3 tUe cabJLeB to tl\(» conduit ^.ad axtendklncj the cab.TeB and 
conduit to ^ d<s^bl] at whlcii the coifip cenSi Voiy lOVa^'ed pc'tfeions ol' 
the cabL* ^re poR iltlonf^d adjacent no t[\f. earth torra^uXone havlog 
r^iistiviilY hi^h hhaftnal conductivity. 

SMART fir BIGGAR 
PJ^rSHT AGHITTS 
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AQ3TRACT 

lEEiVTlSG RATS 'JMOim 
ELOKGATET) ELECTPTCAL ERSI9TANCB IIZ&TER 

Asi electtrical xt2a1.s;tarjc« Ive^atjer capable o£ giaoeiratlng l\eat at 
diffEL^t cidJOS at -iiffiererjt lo£>!itiOQfls a.lx?^ ita length ccn:p(ris5?5 a 
ccntitiuDus ar>J unitary eXectvical conducbor hacvxr^ a thickiicsa 
viliich is OiffcreiA at c3iffGrent Icoations a Long ^-ts length. 
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